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BOX PATENT APPLICATION 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir : 

Transmitted herewith for filing is the patent application of 
Inventor (s) : Jun Sik LEE 

For: METHOD FOR FABRICATING CAPACITOR OF SEMICONDUCTOR DEVICE 



Enclosed are: 



in 

:H 



^ A specification consisting of thirteen (13) pages 



3 Six (6) sheet (s) formal drawings 



□ 
□ 



An assignment of the invention 

Applicant claims small entity status in accordance with 37 
C.F.R. § 1.27 



Certified copy of Priority Document (s) 



3 Executed Declaration (□ Original £K] Photocopy) 



□ 



Application Data Sheet in accordance with 37 C.F.R. § 1.76 



Preliminary Amendment 



Information Disclosure Statement, PTO-1449 and reference (s) 



Mail Address: P.O. Box 747, Falls Church, Virginia, USA 22040-0747 
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□ Other: 

□ Applicant requests early publication 



The filing fee has been calculated as shown below: 









LARGE ENTITY 


SMALL ENTITY 




BASIC 


FEE 


$710.00 


$355.00 




NUMBER 
FILED 


NUMBER 
EXTRA 


RATE FEE 


RATE FEE 


TOTAL 
CLAIMS 


10- 20 = 


0 


X 18 = $0.00 


x 9 = $0.00 


INDEPENDENT 
CLAIMS 


2- 3 = 


0 


x 80 = $0.00 


x 40 = $0.00 


MULTIPLE DEPENDENT 
□ CLAIMS PRESENTED 


+ $270.00 


+ $135.00 




TOTAL 


$710.00 


$0.00 



23 A check in the amount of $710.00 to cover the filing fee and 
recording fee (if applicable) is enclosed. 

□ Please charge Deposit Account No . 02-2448 in the amount of 
$0.00. A triplicate copy of this transmittal form is 
enclosed. 

3 Please send correspondence to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP or Customer No. 2292 
P.O. Box 747 

Falls Church, VA 22040-0747 
Telephone: (703) 205-8 000 
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If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART , KOLASCH & BIRCH, LLP 
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PATENT 
0465-0758P 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 



Jim Sik LEE 



Appl No. 



NEW 



Group: Unknown 



Filed: 



November 28, 2000 



Examiner: Unknown 



For: 



METHOD OF FABRICATING CAPACITOR OF SEMICONDUCTOR 
DEVICE 



PRELIMINARY AMENDMENT 



Assistant Commissioner 



November 28, 2000 



Washington, D.C. 20231 
Dear Sir; 

The following Preliminary Amendments and Remarks are respectfully submitted in 
conjunction with the above-identified application. 
IN THE SPECIFICATION 
Page 2 

Line 3, change "la to le" to --1 A to IE--. 
Line 8, change "la" to --1 A--. 
Line 15, change "lb" to -IB--. 
Line 18, change "lc" to --1C-. 

Page 3 

Line 7, change "Id" to -ID--. 
Line 15, change "le" to -1E-. 

Page 5 

Line 13, change "la to le" to -1A to IE--. 
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Line 15, change "2a to 2E" to --2A to 2E-. 
Line 20, change "2a to 2E" to --2A to 2E-. 

Page 6 

Line 20, change "2a" to -2A-. 

Page 7 

Line 12, change "2c" to -2C-. 
Line 21, change "2c" to --2C--. 

Page 8 

Line 2, change "2d" to --2D-. 
Line 10, change "2e" to --2E-. 
Line 16, change "2e" to --2E-- . 



REMARKS 

Claims 1-10 are pending in the present application. Claims 1 and 2 are in independent 

form. 

Entry of the above amendments is earnestly solicited. An early and favorable first action 
on the merits is earnestly solicited. 

In the event that any matters remain at issue in the application, the Examiner is invited to 
contact Mike S. Ryu, Reg. No. 38,604 at (703) 205-8000 in the Northern Virginia area, for the 
purpose of a telephonic interview. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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METHOD FOR FABRICATING CAPACITOR OF 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the In ventio n 

The present invention relates to a semiconductor device, and more particularly, to a method 
for fabricating a capacitor of a semiconductor device. 

2. Background of Related Art 

Witfct,high packing density of a DRAM, an area of a chip has been reduced and areas of a 
transistor and a capacitor have been also reduced At this time, the capacitor includes a high 
dielectric film to increase capacitance in a small area. Ta^ or BST^a^Sr^TiO) mayte used as 
the high dielectric film To use the high dielectric film in the capacitor, a lower electrode resistant 
to oxidation and heat is required. Oxide-based materials, such as platmum(Pt), iri^8ufiSQ&^ attd 
ruthenium(Ru), may be used as the lower electrode. Among the materials, Ru or Ru0 2 * which cm 
be deposited by chemical vapor deposition and can be easily etched to form a capacitor structure, 
is especially used as the material for the lower electrode. During an etching process to form the 
capacitor structure, the lower electrode is etched to form a concave structure to the effective area 
of the capacitor in a given area. To form such a concave structure, Pt may be used but has a 
drawback in that it is more expensive than Ru during chemical vapor deposition. 
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A related art method for fabricating a capacitor using Ru, Ru0 2 » or a metal material alloyed 
with Ru as a lower electrode will now be described with reference to the accompanying drawings. 

Figs, la to le are sectional views showing a related art method for fabricating a capacitor 
of a semiconductor device. 

A gate oxide film and a gate electrode are sequentially formed on some region of a 
semiconductor substrate, and source and drain regions are formed in the semiconductor substrate 
at both sides of the gate electrode (not shown). 

As shown in Fig. la, an interleaving insulating film 11 is formed on the source region or the 
drain region to have a contact hole. 

A poiysilicon layer is then deposited on the interleaving insulating film 1 1 including the 
contact hole. A contact plug 12 is formed within the contact hole by polishing back the polysilicon 
layer. ; 

Afterwards, a nitride film 13 is deposited on an entire surface including the contact plug 12, 
and an oxide film 14 is deposited on the nitride film 13. 

As shown in Fig. lb, the oxide film 14 and the nitride film 13 are sequentially etched by 
photolithography process to expose the contact plug 12 and the interleaving insulating film 11 
adjacent to the contact plug 12. 

As shown in Fig. lc, a barrier film 15 is deposited on the contact plug 12 and the 
interleaving insulating film 1 1 including the oxide film 14 and the nitride film 13 to have a thickness 
of about 200A. A conductive layer 16 is then deposited on the barrier film IS to have a thickness 
of about 200A. 

The conductive layer 16 is formed of Ru, Ru0 2 , or a metal material alloyed with Ru. The 
barrier film 15 may be formed on only the contact plug 12 within the contact hole. 
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Afterwards, a photoresist 17 is deposited on the entire surface including the conductive layer 
16 between the respective oxide films 14. The photoresist 17 is then etched back to expose sides of 
the conductive layer 16 between the respective oxide films 14 and an upper portion of the 
conductive layer 16 on the oxide film 14. 

The conductive layer 16 on the oxide film 14 and the barrier film 15 are sequentially 
removed using the photoresist 17 as a mask, so that a pair of U-shaped barrier film 15 and lower 
electrode 16a are formed, as shown in Fig. Id, to be isolated from another pair of U-shaped banter 
film 1 5 and lower electrode 16a. 

As described above, cells are separated from one another by isolating the lower electrodes 
16a from one another. 

The lower electrodes 16a are etched by Ar*-Cl 2 plasma gas. 

The photoresist 17 is then removed using 0 2 plasma gas. 

At this time, Ru orRu0 2 of the lower electrodes 16a reacts with 0 2 gas so tot a volatile gas 
of Ru0 4 is generated. For this reason, the lower electrodes 16a may be damaged. 

Next, as shown in Fig. le, the oxide film 14 and the nitride film 13 between the respective 
lower electrodes 1 6a are sequentially removed, and a high dielectric film 1 8 and a conductive layer 
are sequentially formed on the entire surface including the lower electrodes 16a. The conductive 
layer and the high dielectric film 1 8 are partially removed to isolate a pair of the conductive layer 
and high dielectric film from a neighboring pair of the conductive layer and high dielectric film. 
Thus, a U-shaped capacitor which includes an upper electrode 19, the high dielectric film IS and 
the lower electrode 16a is completed. 

The aforementioned related art method for fabricating a capacitor of a semiconductor device 
has several problems. 
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When the photoresist used as a mask to form the lower electrode of Ru or Ru0 2 in a U-shape 
is removed by 0 2 plasma gas, 0 2 gas chemically reacts with the lower electrode- As a result, the 
lower electrode is damaged, thereby reducing process yield. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method for fabricating a capacitor of a 
semiconductor device that substantially obviates one or more of the problems occurring in the 
related art. 

An object of the present invention is to provide a method for fabricating a capacitor of a 
semiconductor device in which loss of a lower electrode is minimized so as to improve process 
yield. 

i 

Additional advantages, objects, and features of the invention will be set forth in part in the 
description which follows and in part will become apparent to those having ordinary skill in the art 
upon examination of the following or may be learned from practice of the invention. The objects 
and advantages of the invention may be realized and attained as particularly pointed out in the 
appended claims. 

To achieve these and other advantages and in accordance with the purpose of the present 
invention, as embodied and broadly described, a method for fabricating a capacitor of a 
semiconductor device includes; forming a conductive region on a region of a semiconductor 
substrate; forming an interleaving insulating film having a contact hole in the conductive region; 
forming a contact plug within the contact hole; forming insulating film patterns on a region of the 
interleaving insulating film to expose the contact plug and the interleaving insulating film adjacent 
to the contact plug; depositing a barrier film and a first conductive layer on an entire surface 



* 
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including the contact plug and the insulating film patterns; forming a photoresist on an upper portion 
of the contact plug between the insulating film patterns; sequentially removing the first conductive 
layer and the barrier film on the insulating film patterns using the photoresist as a mask to form a 
lower electrode and a barrier film in a U-shape; removing the photoresist using a non-reactive 
etching method; removing the insulating film patterns; and sequentially forming a dielectric film 
and an upper electrode on surfaces of the lower electrode and the barrier Elm. 

It is to be understood that both the foregoing general description and the following detailed 
description are exemplary and explanatory and are intended to provide further explanation of the 
invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in detail with reference to the following drawings in which 
like reference numerals refer to like elements wherein: 

Figs, la to le are sectional views of process steps showing a related art method for 
fabricating a capacitor of a semiconductor device; and 

Figs. 2a to 2e are sectional views of process steps showing a method for fabricating a 
capacitor of a semiconductor device according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings. 

Figs. 2a to 2e are sectional views of process steps showing a method for fabricating a 
capacitor of a semiconductor device according to the present invention. 



-V* 
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The method for fabricating a capacitor of a semiconductor device according to the present 
invention is performed in such a manner that a conductive layer is deposited on a semiconductor 
substrate (not shown). A photoresist pattern is then formed on the conductive layer, and the 
conductive layer is etched using the photoresist as a mask to form a lower electrode. The 
photoresist is then removed using an etching gas having no volatility with respect to the lower 
electrode, and a dielectric film and an upper electrode are thereafter sequentially formed on a surface 
of the lower electrode. 

In other words, the tower electrode of Ru, Ru0 2 , or a metal material alloyed with Ru is 
removed using the photoresist as a mask, and then the photoresist is removed using the etching gas 
having no volatility when reacting with the lower electrode. 

One of HiO) NS 3 , and N 2 may be used as the etching gas. Alternatively, a gas mixture of H 2 
and 0> in which an amount ofH 2 is smaller than an amount of O z , may be used as the etching gas. 
Further, a mixing gas of HjO, NH 3 , and N 2 , a gas mixture of N 2 and NH,, a gas mixture of NH 3 and 
H 2 0, or a gas mixture of N 2 and H 2 0 may be used as the etching gas. 

The aforementioned method for fabricating a capacitor of a semiconductor device according 
to the present invention will be described below in more detail. 

A gate oxide film and a gate electrode are sequentially formed on a region of a 
semiconductor substrate, and source and drain regions are formed in the semiconductor substrate 
at both sides of the gate electrode (not shown). 

Next, as shown in Fig, 2a, an interleaving insulating film 101 is formed over the source 
region or the drain region with a contact hole formed therein, 

A conductive material such as polysilicon or tungsten, or another conductive material having 
low resistance is then deposited on the interleaving insulating film 101 includingin the contact hole. 
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A contact plug 102 is formed within the contact hole by an etch-back process or a chemical 
mechanical polishing process so that the conductive material is only formed within the contact hole. 

Afterwards, a nitride film 103 is deposited on interleaving insulating film 101 including the 
contact plug 102, and an oxide film 104 is deposited on the nitride film 103 by, for example, 
chemical vapor deposition. The nitride film 103 has a thickness of about 500A. 

A photoresist (not shown) is deposited on the oxide film 104 and then selectively patterned 
by exposure and developing processes, so that the photoresist over the contact plug 102 and the 
interleaving insulating film 101 adjacent to the contact plug 102 is removed. 

The oxide film 104 and the nitride film 103 are sequentially etched as seen in Fig. 2B using 
the patterned photoresist as a mask so as to expose the contact plug 102 and the interleaving 
insulating film 101 adjacent to the contact plug 102, 

As shown in Fig. 2c 3 a barrier film 105 and a conductive layer 106 are sequentially 
deposited over the contact plug 102 and the interleaving insulating film 101 including the oxide film 
104 and the nitride film 103 to have a thickness of about 200A. ' 

At this time, the barrier film 105 acts to closely adhere the conductive layer 106 and the 
oxide film 1 04 to each other, and alternatively may be formed on only the contact plug 102 within 
the contact hole. The conductive layer is formed of Ru, Ru0 2? or a metal material alloyed with Ru. 

Afterwards, a photoresist 107 is deposited on fee resultant surface including the conductive 
layer 106 between the respective oxide films 104, The photoresist 1 07 is then etched back to expose 
sides of the conductive layer 106 between the respective oxide films 104 and an upper portion of 
the conductive layer 106 on the oxide fihn 104. See Fig. 2c. 

Portions of the conductive layer 106 and the barrier film 1 05 are sequentially removed using 
the etched back photoresist 107 as a mask to expose the upper portion of the oxide film 1 04, so that 
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U-shaped (as seen in cross-section) barrier films 105 and lower electrodes 106a isolated from 
another U-shaped barrier films 105 and lower electrodes 106a are formed as shown in Fig. 2d. 

As described above, cells are separated from one another by isolating the lower electrodes 
106a from one another. The lower electrodes 106a are etched by, for example, Ar+CU plasma gas. 

The photoresist 1 07 is then removed using an etching gas that does not react with the metal 
material of the lower electrode 106a, One of H 2 0, NH 3 , and N 2 may be used as the etching gas. 
Alternatively, a gas mixture of H 3 and Q 2 in which an amount of H 2 is smaller than an amount of 
0 2 , may be used as the etching gas. Also, a mixture of HjO, NH 3 , and N 2 , a mixture of N 2 and NH 3 , 
a mixure of NH 3 and H 2 0, or a mixture of N 2 and HjO may be used as the etching gas. 

Next, as shown in Fig. 2e, the oxide film 104 and the nitride film 103 between the respective 
lower electrodes 106a are removed, and a high dielectric film 108 and a conductive layer are 

4 

sequentially formed on the resultant surface including the lower electrodes 106a. Portions of the 
conductive layer and the high dielectric film 108 are removed to electrically isolate a respective 
conductive layer/ high dielectric film unit from a neighboring conductive layer/high dielectric film 
unit Thus, the high dielectric film 108 and an upper electrode 109 are sequentially formed. 

Specifically, as seen in Fig. 2e, after the conductive layer is formed of Ru, Hn0 2 , or a metal 
material alloyed with Ru, the photoresist is deposited to form the upper electrodes 1 09 isolated from 
one another and then selectively patterned. The conductive layer is removed using the patterned 
photoresist as a mask to form the upper electrodes 109 isolated from one another The patterned 
photoresist is removed using die same etching gas of the lower electrode 106a. Thus, a capacitor 
which includes the upper electrode 109, the high dielectric film 108 and the lower electrode 106a 
is completed. 
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As aforementioned, the method for fabricating a capacitor of a semiconductor substrate 
according to the present invention has the following advantages. 

Since the photoresist used as a mask to etch the lower electrode of Ru, Ru0 2 or a metal 
material alloyed with Ru is removed using an etching gas that does not react with the lower 

r 

electrode, the lower electrode is prevented from being damaged, thereby improving process yield. 

The foregoing embodiments and advantages are merely exemplary and are not to be 
construed as limiting the present invention. The present teaching can be readily applied to other 
types of apparatuses. The description of the present invention is intended to be illustrative, and not 
to limit the scope of the claims* Many alternatives, modifications and variations will be apparent 
to those skilled in the art. In the claims, means-plus-function clauses are intended to cover the 
structures described herein as performing the recited function and not only structural equivalents 
but also equivalent structures. 
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WHAT IS CLAIMED IS: 

1 . A method for fabricating a capacitor of a semiconductor device comprising: 
depositing a conductive layer on a substrate; 

forming a photoresist pattern on the conductive layer; 

etching the conductive layer using the photoresist pattern as a mask to form a lower 
electrode; 

removing the photoresist using an etching gas that is non-reactive with respect to the lower 
electrode,* and 

forming a dielectric film and an upper electrode on a surface of the lower electrode. 

i 

2. The method of claim 1, wherein the upper and lower electrodes are one ofRu, RuO,, and 
a metal material alloyed with Ru. 

■ 

3. The method of claim 1 7 wherein the etching gas is one of Hp, NH 3 , and a mixture of 
H 2 and 0 2 in which an amount of H 2 is smaller than an amount of a mixture ofH^O, NH 3 , and 
N a , a mixture Of N 2 and NH 3J a mixture of NH 3 and H 2 0, and a mixture of N 2 and HjO, 

4. A method for fabricating a capacitor of a semiconductor device comprising: 
forming a conductive region on a semiconductor substrate; 

forming an interleaving insulating film having a contact hole therein over the conductive 

region; 

forming a contact plug within the contact hole; 
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forming insulating film patterns on of the interleaving insulating film to expose the contact 
plug and the interleaving insulating film adjacent to the contact plug, 

depositing a barrier film and a first conductive layer on the contact plug and the insulating 
film patterns; 

forming a photoresist over the contact plug between the insulating film patterns; 
sequentially removing the first conductive layer and the barrier film on the insulating film 
patterns using the photoresist as a mask, thereby forming a lower electrode and a barrier film in a 

U-shape in cross-section; 

removing the photoresist using an etching gas that is non-reactive with respect to the lower 

electrode; 

removing the insulating film patterns; and 

sequentially forming a dielectric film and an upper electrode on the lower electrode and the 
barrier film* 

> 

5. The method of claim 4, wherein fee lower electrode is oneof Ru, Ru0 2 and a metal 
material alloyed with Ru. 

6. The method of claim 4, wherein the etching gas is one of HA NHa, and a mixture of 
H 2 and 0 2 in which an amount of H 2 is smaller than an amount of 0 2 , a mixture of H 2 0, NHj, and 
N 2 , a mixture of N 2 and NH„ a mixture of NH 3 and H 2 0, or a mixture of N a and B^O is used as the 
etching gas. 
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7, The method of claim 4, wherein the insulating film pattern comprises an oxide film, 

8. The method of claim 4, wherein the insulating film pattern is formed by stacking two 
insulating films. 

9- The method of claim 8, wherein the two insulating films are a nitride film and an oxide 

film. 

10. The method of claiip. 4, wherein the barrier film is only formed on die contact plug 
within the contact hole. 
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ABSTRACT OF THE DISCLOSURE 

A method for fabricating a capacitor of a semiconductor device is disclosed, in which loss 
of and damage to a lower electrode is minimized to improve process yield. The method for 
fabricating a capacitor of a semiconductor device includes, for example, forming a conductive 
region on a semiconductor substrate; forming an interleaving insulating film having a contact hole 
on the conductive region; forming a contact plug within the contact hole; forming insulating film 
patterns on some region of the interleaving insulating film to expose the contact plug and the 
interleaving insulating film adjacent to die contact plug; depositing a barrier film and a first 
conductive layer on an entire surface including the contact plug and the insulating film patterns; 
forming a photoresist on an upper portion of the contact plug between die insulating film patterns; 
sequentially removing portions of the first conductive layer and the barrier film on the insulating 
film patterns using the photoresist as a mask to form a lower electrode and a barrier film in a U- 
shape in cross-section; removing the photoresist using an etching gas that is non-reactive with 
respect to the lower electrode; removing the insulating film patterns; and sequentially forming a 
dielectric film and an upper electrode on surfaces of the lower electrode and the barrier film. 



FIG . 1A 
Related Art 
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FIG . IB 
Related Art 




FIG . 1C 
Related Art 

16(Ru or R11O2) 




FIG . ID 
Related Art 

16a 
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FIG . IE 
Related Art 
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FIG . 2A 




FIG . 2C 



106(Ru or Rufli) ^ 
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FIG. 2D 



l06a(Ru or RuQs) 
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I hereby claim the benefit under Title 3S, United States Code, 19(e) of any United States provisional applications^) listed below. 



3Czt Provisional 

pplk?fe$ft{*} 
any) 



(Application Number) 



(Filing Date) 



(Filing Date) 



(Application Number) 

Ail Foreign Applications, if any, for any Patent or Inventor's Certificate FOed More than 12 Months (6 Montha for Designs) Prior to 
the Filing Date of This Application: 



Country 



Application Number 



Date of Ffling (Month/ Day/ Year) 



jjert Swniesftd 
lormanort: 
appropriate) 



*cxt Prior US. 
pptic&baa(g}: 



I hereby claim the benefit* under Title 35. United States Code, 20 of any United States and/or PCT appHcation(S) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States and/or PCI 
application in the manner provided by the first paragraph of Title 35, United State* Code, 12, 1 acknowledge the duty to disclose 
mSrmation which is material to the patentability as defined in Title 37, Code of Federal Regulihons, . 56 which became available 
between the filing date of the prior application and the national wKTrntcrnanonal filing date of this application. 
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X hereby appoint the following attorney* to prosecute this application and/or an international application based on this 
application and to transact all business in the Patent and Trademark Office connected thetewjth and m connection with the 
resulting patent based on instructions received from me entity who first sent the application papers to the attorney* identified 
belo w, unless the inventor® or assignee provides said attorneys with a written notice to the contrary; 
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BIRCH, STEWART, KOLASCH & BIRCH, LLP 

P.O. Box 747 Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 Facsimile: (703) 205-8050 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and farther that these statements were made with tht knowtedga that willful false statements and 
the like SO made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United Stales Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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